erythrocytes. Isolates were identified by lhemadsorption inhibition (HAdI) using specific antisera (4) .
For recovery from autopsy tissues, specimens were homogenized to a 10% sUspension in Hanks basic salt solution, and the suspension clarified by centrifugatioIn. After addition of antibiotics, fluids were inoculated in 0.5 ml amounts into l)rimary rlhesus monkey kidney monolayer cultures, or intraamniotically in 0.2 ml anmounts into 8 day fertile chicken eggs (4) (5) (6) . Tissue culture isolates were han(dled as notedI above. Aminiotic fluidI from inioculatedI eggs was 11arvested after tlhree (lays and( testecl for lhemagglutitnation, using 0.5% guinea pig red cells. Hemagglutination inliibition (HI) tests were carried out in microtiter plates with specific antisera (7, 8) .
Anitibody tests. Sera were treated with receptor destroying enzyme (5, 6) and titers dletermineid in microtiter Plates using the HI metlhods noted above. A 4-fold rise in titer against HK influeniza virus was considered significant. Wlhen tested against previous A, agents, these sera demonstrated minimal titer increases interpreted1 as ty)ical of crossover type reactions with these prexiotus agents.
RESULTS
The results of virologic studies are summarized in Table 1 . Isolations of HK influenza virus were made from postmortem lung tissue from six of the eiglit cases tested. Virus was also recovered from a premortem tlhroat swal) from one patient (M\1.N.), who acquired his infection while hospitalized for otlher problems.
AIn etiologic diagnosis was established in the other two cases by serologic means alone. Case P.S. lhad an HI titer rise against the epidemic strain from less tllan 1:10 to 1:160 (luring the course of hiis illness. From case MI.C., only a single sertum was submitted; the HI titer in this specimen was 1:160, while titers against otlher influenza strains (A2/Tok/3/67 and B/Mfass/3/66) were less than 1:10. The patient, whlo had not traveled out of the area, fell ill (luring the 3rd week of the epidemic. She hias been included in the study group since it seems probable tllat lher antibody against the epidemic strain was associated with her fatal illness.
CLINICAL FINDINGS
The nine patients in this series were a heterogenous group. M\uch of the pertinent clinical information is tabulated in The illnesses of the other eight patients were similar in onset and course. All began with myalgia, headache and had chills, fever, cough and/or signs of upper respiratory tract infection. In five, the cough was described as productive. On the average, pneumonia followed onset by 4 or more days, with a range of 2 to 7 days.
Of the two patients who were cyanotic on admission to the hospital, one survived less than 6 hr. Marked cyanosis developed in six other patients, four of whom expired within 6 hr of recognition of this sign; two others survived several days on artificial ventilation following tracheostomies.
Survival following the recognition of the onset of pneumonia ranged from 1 to 14 days. Three died on the first hospital day. Of the four patients who had frothy sputum, hemoptysis or "pulmonary edema," two died within 24 hr of the onset of this sign.
Six of the nine patients had total white blood cell counts of less than 5000/mm3 and none were over 8500. Patients with the lowest counts (L.D.-1400/mm3 and M.V.-2900/mm3) were on leukosupressive drugs. Serum lactic acid dehydrogenase (LDH) was markedly elevated in the four patients in whom it was determined (Cases M.C., P.S., A.P., and J.W.).
Radiologic findings were generally more striking than those of physical examination in all cases. Three patients had two or more lobes involved on initial x-ray examination, and bilateral involvement was noted in six of eight before death. All patients required oxygen during their hospitalization. Four had tracheostomies followed by mechanically assisted respiration with oxygen in concentrations over 80%. Three others received oxygen by mask in high concentrations. Two individuals died within hours of having tracheostomy, but two others survived four days on oxygen concentrations of up to 100% without successful control of their severe hypoxemia.
Arterial blood gas determinations on six patients are shown in Table 2 . Oxygen partial pressures were markedly decreased in all, ranging from 35 to 60 mm Hg. The initial arterial pH was mildly elevated in three, but carbon dioxide retention was never noted on first testing. In every patient, hypoxemia deepened despite all measures. Respiratory acidosis and CO2 retention occurred only terminally.
Five cases succumbed to influenzal pneumonia complicated by bacterial superinfection documented by sputum and lung cultures. The organisms were en-terococci, Escherechia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae. Staphylococcus auretts was isolated antemortem from one patient, but postmortem cultures grew only enterococci.
Fatal primary influenzal pneumonia without bacterial superinfection was documented in three individuals who on repeated antemortem sputum cultures failed to show significant bacterial growth; postmortem bacteriological cultures were also negative and bacteria were not seen in suitably stained histologic sections. Postmortem bacteriologic studies on a fourth patient (M.B.) were also negative, though premortem sputum cultures grew Klebsiella species. All patients had received antibiotics. Results of ante-and postmortem bacteriologic cultures are included in Table 2 .
PATHOLOGY
Necropsy findings on the nine patients with documented influenza pneumonia are summarized in Table 3 .
In all cases the lungs were voluminous with combined weights in excess of 1500 g in the adult cases. Externally, the lungs were violaceous in color. On section, they were diffusely hemorrhagic and abundant bloody fluid escaped. Purulent material exuded from bronchi only in the cases with superimposed bacterial infection. The mucosa of the tracheobronchial tree was markedly congested, hemorrhagic and focally necrotic in most cases. No thrombi were found on gross examination.
The microscopic picture of the lungs was kaleidoscopic. There was a striking variation from case to case and between regions in a single lung. There was a notable difference in microscopic changes in patients dying at different stages in their illnesses.
Hyaline membranes were focally present in seven of the nine cases (Fig. 1 ). They were seen as early as the second day of the illnesses and as late as the 21st, and were more prominent in patients receiving high concentrations of oxygen by respirator. There was no relationship between duration of illness and the appearance of the membrane formation. Hyaline membranes were most numerous in alveoli, but intrabronchiolar deposition of hyaline plugs was also seen (Fig. 2) the thiirteenitlh day. Focal epitlhelial clianges in the tracheobroncllial aborization constitutedl one of the most striking histopathologic findings in this series. Degenerative clhanges in the respiratory epithelium was one of the initial histolooic alterations. There was necrosis of the golblet and ciliated cells, and desquamation of these cells into the respiratory passages was prominent during the first few days. The basal layer of the respiratory epithelium tended to persist. In three cases of less than a week's duration, regenerative changes were absent. Focal regeneration of the respiratory epithelium was present in five cases; tlle cluration of illness in these patients varied from 7 to 13 days. The epithelial alterations consisted of stratification of respiratory epitlhelium including the epithelial cells lining alveoli (Figs. 2 and 3 ). These regenerative changes were indistinguishable from squamous metaplasia in many regions.
Pathologic examination of other organs included observations on tlle heart, with no gross or microscopic evidence of myocarditis being detected in any of the cases. Examination of the central nervous system revealed abnormalities in only two cases. In 1\I.C., recent and organizing tlhromboemboli were present in the small cerebral arteries; in addition, multiple small recent hemorrhagic infarcts were identified in the right cerebral and cerebellar hemispheres. In MI.R., the brain was congested and edematous. Additional extrapulmonary changes were limited to reactive hyperplasia in lymph nodes, most striking in the hilar areas. Hyaline memnbranes, found in seven of our nine cases, were most prominent in the tlhree patients receiving higlh concentrations of oxygen over prolonged periods of time by artificial ventilation. Clinical (12) (13) (14) and experimental (15) studies lhave demonstratedl that such oxygen tlherapy andl artificial ventilation will result in significant pulmonary damage. It is, therefore, impossible to assess the relative roles played by infection and oxygen toxicity if they occur simultaneously, as they did in several of our cases.
Winternitz found the extrapulmonary lesions of influenza to be neither constant nor characteristic, and our results are similar. We observed a notable discrepancy between cerebral signs and autopsy findlings in that although six patients show preterminal central nervous system signs, only two had cerebral pathologic changes. Oseasohn (16) found cerebral edema to be an almost universal autopsy finding in 33 cases, but numerous other authors have not observed such changes.
The frequency of myocarditis also varies markedly in (lifferent reports (17) (18) (19) (20) . Myocarditis was not demonstrated in our series, nor was it observed in either the series of Winternitz(9), or of Petersdorf et al.(l1).
An etiologic diagnosis was made in seven of the nine cases on the basis of recovery of HK influenza virus either from the throat swab antemortem (1 case) or from the lungs, postmortem (6 cases). In two patients, all virus isolation attempts from throat swabs and organs were negative, but one lhad a specific HK influenza antibody rise. The other patient had a high titer against the epidemic strain in a single serum specimen; since the agent was so recently(re)introduced and the clinical course was typical, the serologic result was interpreted as presum)tive evidence of infection with HK influenza virus.
The secondar-y bacterial agents(s) in influenza pinetimonia have changed markedlly since the 1918-19 pandemic. Not only is there variation from pandemic to pandemic, i)ut from place to place in the same pandemic. In 1918 WVinternitz (9) and( Chickering and Park(21) foundl a higlh incidence of secondary staphylococcal pneuimonia; Wolbach (22) reportedI influenza bacillus to be the principal invasive organism; and MfacCallum (23) found pneumococcus Type IV at one army camp and almuost 100c',> influenza bacillus at another.
Duriing the ensuing years the proportion of secondary bacterial pneumonia (lue to staplhylococcus aureus in fatal cases of influenza rose sharply from approximately one-third of the total to two-tlhirds (16, 17, 19, 24, 25) . However, only one questionable case of staphylococcus aureus superinfection was found in our series.
The secon(dary bacterial agents in five of our cases vere gram-negative organisms (see Table 2 ). This preponlderance of gram negative organisms was not found in the general experience in the United States (27) (18) (19) (20) (21) 23) . Nevertlheless, the importance of chronic illness in tlle pathogenesis of influenza lhas frequently been emphasized, especially the importance of cardiovascular clisease. Rlhetumatic heart disease was tlle most common cardliovascular problem noted in fatal cases of influienza in a number of previous reports (19) (20) (21) 26) . None of the patients in ouir series ha(l rheumatic or hypertensive heart (lisease, but one was dlial)etic witlh arteriosclerotic heart (lisease.
Two of our patients were on immtunosuppressive therapy for antecedent illnesses. It is well-known that suclh incdividcuals fall prey to severe and disseminated viral illnesses. It is reasonable to assume that such immunosuppression was an important factor in the failure to control a usually self-limited illness and tllat its comlination with severe underlying disease was responsible for their deathl.
Only one patient in the present series had antecedent pulmonary disease. In our patients, the extent of infiltration on initial chest x-ray seemed less significant than the progression of pulmonary involvement.
As in a previous report (13) , the importance of low white blood cell counts as an indlication of poor prognosis warrants emphasis. Two 
